The isometric tension measurement and in vitro autoradiography were used in clitoral cavernosum smooth muscle (CSM). Angiotensin ANG III, ANG IV, ANG II and ANG I induced contractions in clitoral CSM strips. ANG III and ANG I-induced contraction was five times less active than ANG II, whereas ANG IV-induced contraction was 1181-fold less potent than ANG II. I-ANG II was displaced by unlabeled ANG peptides. This study suggests that the contractile responses to all four peptides of the ANG family are mediated via AT1 receptors but not AT2 receptors. Further, the rank order of potency of contraction was as follows, ANG II > ANG I > ANG III > ANG IV. It is also suggested that peptides of the ANG family have a cross-talk with the NO system and aminopeptidase is involved in the modulation of the tone of clitoral CSM by ANG III and ANG IV.
Introduction
The renin -angiotensin system (RAS) plays a major role in the regulation of body fluid balance and cardiovascular functions. Angiotensin (ANG) II plays a central role via type 1 ANG II (AT 1) receptor. 1 ANG II is formed by an action of angiotensin converting enzyme from the weakly active precursor, ANG I. The ANG II (octapeptide) is known to be primarily degraded at its N-terminal position by aminopeptidase in both plasma and vasculature, resulting in the formation of heptapeptide, ANG III and more smaller fragments. 2, 3 ANG I, ANG II and ANG III have been known to be involved in the regulation of tone of the penile and clitoral cavernosum smooth muscle (CSM) via AT1 receptor. 4 -6 ANG III is considered to be a contractile agent in the rabbit clitoral CSM, 5 rabbit aorta, 7 and rat aortic rings. 8 While ANG II and ANG III are vasoconstrictors in general, ANG IV appears to increase blood flow in the renal cortex, 9 and rabbit brain arterioles. 10 In addition, ANG IV may possess growth regulatory effects on cultured chick myocytes. 11 High levels of plasma ANG II may occur under certain clinical conditions such as in patients treated with antihypertensive medication, AT1 receptor antagonist. 12 In this condition, high concentrations of the ANG II degradation products ANG III and ANG IV may be accompanied. 12 Female sexual dysfunction is a highly prevalent entity affecting 30 -50% of American women. 13 The clitoris is an important erectile organ for sexual arousal and decreased clitoral blood flow by medication is associated with arousal disorder in women. 14 Recently, ANG II has been known to be produced at local and involved in the regulation of tone of the clitoral CSM. 6 The effects of ANG III, ANG IV, ANG II and ANG I are to be evaluated in the clitoral CSM.
In the present study, the aims were to evaluate role of peptides of the ANG family in relation to nitric oxide (NO) and characterize the receptor subtypes using isometric tension measurement and in vitro autoradiography with 125 I-ANG II in the rabbit clitoral CSM strip.
Materials and methods

Preparation of isolated clitoral CSM strips
Clitoral erectile tissue was obtained from female New Zealand White rabbits (2 -2.5 kg), as described previously. 6 Briefly, female rabbits (n ¼ 242) were anesthetized with sodium thiopental (30 mg=kg intravenously) and exsanguinated. The entire clitoris including vagina was excised rapidly. The vaginal wall was dissected free from the clitoral body. The clitoral cavernosum tissue was then carefully dissected free from the surrounding tunica albuginea under dissecting microscope and two strips along the longitudinal axis (about 0.5 6 0.5 6 5 mm) were obtained. During the preparation, care was taken not to damage the functional endothelium or overstretch the tissue.
Measurement of isometric tension and recording of mechanical activity
A strip of the rabbit clitoris CSM (n ¼ 236) was vertically placed in 2 ml organ chamber with one end connected with a cotton thread to the prong of force transducer (Grass Research Polygraph, Model 79H, W. Warwick, RI, USA), and the other end secured with a cotton thread to a holder for isometric tension measurements. 4 The bath chambers contained the appropriate Hepes buffer solution (37 C) and constantly aerated with 100% O 2 . Isometric force was measured and recorded using a polygraph (Grass Research Polygraph, Model 79H, W. Warwick, RI, USA). After mounting, strips were equilibrated for 60 min with several adjustments of length until a baseline force stabilized at 1 g and oxygenated medium was replaced every 20 min.
Contractile responses to angiotensin peptides
Following equilibration, the preparations were initially stimulated with 10 75 M L-phenylephrine solution (PhE, Sigma Chemical Company, St Louis, MO, USA) to obtain a reference response. When contractile responses to the PhE had reached a plateau, strips were rinsed with Hepes buffer three times and allowed to return to baseline tension. The presence or absence of the endothelium was taken as the presence or absence of relaxation to acetylcholine solution (ACh, Sigma Chemical Company, 10 77 -10 75 M), when a maximal contraction to PhE had been obtained. A rapid and marked reduction of the PhE-induced tone was taken as evidence that a significant amount of functional endothelium was present. After the test for endothelium, strips were rinsed three times with Hepes buffer solution and allowed to re-equilibrate for 10 min before subsequent exposure to ANG.
Effects of agents were cumulated in half log increments and reserved after contractions were reached to the highest amplitude. In separate experiments, effects of ANG IV (Group III, n ¼ 10), ANG II (Group IV, n ¼ 12) and ANG I (Group V, n ¼ 13) were evaluated in a similar protocol.
Responses to ANG IV, ANG III, ANG II and ANG I under aminopeptidase A and M inhibitor (amastatin)
In separate experiments (Group VI, n ¼ 25), cumulative CR curves for ANG III had been obtained, and In separate experiments, effects of ANG IV (Group VII, n ¼ 37), ANG II (Group VIII, n ¼ 28), ANG I (Group IX, n ¼ 25) were evaluated in a similar protocol.
Responses to ANG IV, ANG III, ANG II and ANG I under NO synthase inhibitor, N o nitro-L-argininemethyl ester (NAME)
In separate experiments (Group X, n ¼ 13), cumulative CR curves for ANG III had been obtained, and the strips were rinsed three times. The second series of cumulative CR curves for ANG III was obtained under incubation with NAME (Sigma Chemical Company, 10 73 M) for 30 min.
In separate experiments, effects of ANG IV (Group XI, n ¼ 13), ANG II (Group XII, n ¼ 13), and ANG I (Group XIII, n ¼ 13) were evaluated in a similar protocol.
In vitro autoradiography for ANG II receptor
For the characterization of ANG II receptor binding in the clitoral CSM, rabbits (n ¼ 6) were anesthetized with sodium thiopental (30 mg=kg intravenously), subsequently exsanguinated, and the clitoris was rapidly excised. The clitoral tissue was immediately snap frozen in liquid nitrogen, and stored at 7 70 C until used.
Binding conditions of 125 I-ANG II ( 125 I-Tyr4-human ANG II, Du Pont NEN, Wilmington, DE, USA) to the clitoral tissues were prepared according to the method described elsewhere. 5, 6 Briefly, sections of 20 mm were cut by cryostat at 7 20 C, thawed and mounted onto gelatin-chrom-alum coated slides, and dried in a desiccator at 4 C overnight. The sections were preincubated in 5 6 10 72 M phosphate buffer solution (pH 7.2) of the following composition (mM): NaCl 100, EGTA 1 and MgCl 2 6 H 2 O 10 at room temperature for 10 min. They were then incubated with 2 6 10 710 M of 125 I-ANG II (specific activity 2200 Ci=mM) in fresh preincubation buffer containing 50 mg=ml bacitracin and 0.2% bovine serum albumin (fraction V) at room temperature for 60 min. After incubation, the sections were rinsed and washed with fresh preincubation buffer for 5 min at 4 C. They were rinsed three times in cold distilled water and dried quickly under a stream of cold air. To characterize bindings of ANG III, ANG IV, ANG II or ANG I to the ANG II receptors, the competitive inhibition of the binding of 125 I-ANG II was examined on consecutive sections by co-incubating with various concentrations of unlabeled human ANG III, ANG IV, ANG II or ANG I.
Autoradiographic images were generated by exposing the slides with dried and labeled clitoral sections to Hyperfilm-3 H (Amersham International Plc, Buckinghamshire, UK) at room temperature for 2 weeks. Autoradiograms were developed in Kodak D-19 developer (Eastman Kodak Co., Rochester, NY, USA) for 3 min and fixed in Kodak rapid fixer for 5 min at room temperature.
Quantitative analysis of autoradiograms
Regional bindings of 125 I-ANG II in the presence of unlabeled ANG III, ANG IV, ANG II or ANG I were assessed from the optical densities of autoradiograms by quantitative microdensitometry using prism program (Prism, Improve Vision, Coventry, UK). 4, 6 Optical density was converted to the quantity of bound radioligand by comparison with the autoradiograms of 125 I labeled polymer standard microscale included in each X-ray cassette. The number of ligand binding sites of different affinities, their apparent dissociation constants (K d ) and inhibitory constants (K i ) on particular structures were derived separately in each sample by Scatchard analysis using the LIGAND iterative modelfitting computer program. 15 
Data and statistical analysis
Data are expressed as the mean AE s.e.m. Contractile responses to ANG III, ANG IV, ANG II and ANG I are expressed as Emax (maximal response, expressed as percentage of PhE-induced contractile response), and EC 50 (-log effective concentration that produces 50% of maximal effect). Statistical significance of differences was calculated by one-way analysis of variance (ANOVA) followed by Bonferroni's multiple comparisons test and CR before and after treatment with antagonists were compared by Student's paired t-test. A probability value less than 0.05 was considered significant.
Results
Spontaneous activity
Spontaneous contractile activity was observed in the 75% clitoral CSM strips ( Figure 1A) . 76 M). Significant differences from values before incubation with Dup 753: *P < 0.05; **P < 0.01; ***P < 0.001 (paired Student's t-test).
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Per cent changes by ANG III, ANG IV, ANG II and ANG I of the clitoral CSM contraction over the tone induced by PhE were shown in Figure 1B . The EC 50 of the CR of ANG II was lower than other ANG peptides ( Figure 1B and Table 1 ). Based on the EC 50 ANG I was 4.5 times less strong than ANG II, and ANG III was 4.7 times less strong than ANG II, whereas ANG IV was 1181-fold less strong than ANG II.
Influence of ANG II receptor antagonists on the contractile effects of ANG III, ANG IV, ANG II and ANG I
The maximum contractions observed by ANG III, ANG IV, ANG II and ANG I were significantly attenuated by Dup 753 but not by PD 123 319 ( Figure  2A and 2B). PD 123 319 (33 of 50 strips) or Dup 753 (12 of 50 strips) resulted in a transient increase in the force of the contraction reaching by 43.7 AE 5.8%, or by 11.6 AE 6.6% of tone induced by PhE, respectively ( Figure 2A ).
Influence of aminopeptidase-A and -M inhibitor (amastatin)
Preincubation with the aminopeptidase-A and -M inhibitor amastatin (10 75 M) shifted no significant changes in ANG II and ANG I CRs (Table 2) . Amastatin significantly shifted the ANG III induced contraction to the left and upward in all concentrations used. Amastatin enhanced ANG IV induced contractions. As shown in Table 2 , EC 50 for ANG III and ANG IV was significantly reduced by amastatin at the highest concentration of ANG IV used.
Influence of N o nitro-L-arginine-methyl ester (NAME)
To investigate the cross-talk between NO release and ANG peptides, responses to ANG III, ANG IV, ANG II and ANG I were compared during the control period and after administration of NAME. The addition of NAME produced an increase in force in basal tension reaching a maximum of 90% (mean 34 AE 5.1%) of tension induced by PhE in the clitoral CSM strips. After administration of NAME, contractile responses to the peptides were significantly enhanced in ANG II, ANG III and ANG IV (Figure 3 ) and the CRs to ANG I was shifted to the left in a parallel manner, although there was no statistical significance.
Autoradiographic characterization of the binding of ANG III, ANG IV, ANG II or ANG I to the ANG II receptor
Specific 125 I-ANG II binding sites were demonstrated in the clitoral CSM using in vitro autoradiographic technique ( Figure 4A ). The morphology of rabbit clitoral CSM is displayed in the schematic figure ( Figure 4B Figure 5 and Table  3 . The specific and reversible bindings of 125 I-ANG II to this structure were inhibited with high affinity (K d ¼ 4.74 AE 1.32 nM). The patterns of competition of ANG III, ANG IV or ANG I for the binding sites 125 I-ANG II were similar to that of unlabeled ANG II ( Figure 5 ), but affinity was less potent than ANG II. Table 2 Log effective concentration that produces 50% of the maximal response (EC 50 ) value of the CR for the angiotensin (ANG) III, ANG IV, ANG II and ANG I without or with preincubation with amastatin in rabbit clitoral smooth muscle strips 
Discussion
This study demonstrates that the peptides of ANG family, ANG I, ANG II and its degradation products, ANG III and ANG IV have contractile activity in the clitoral CSM of rabbit. Autoradiograms of the transverse sections of the clitoral CSM revealed that specific 125 I-ANG II binding sites were localized in the clitoral CSM. The specific 125 I-ANG II bindings were displaced by unlabeled ANG peptides with a rank order of potency of ANG II > ANG I > ANG III > ANG IV.
The ANG II and ANG I, play an important role in the regulation of the contraction of penile CSM 4, 16 or clitoral CSM. 6 We have known that ACE inhibitor or ANG II receptor antagonist have an advantage in the preservation of sexual function when used clinically for the treatment of hypertension. In the patients treated with ANG II receptor antagonist, ANG II level increased and ANG II fragments may be increased. Therefore, it is necessary to understand comparative roles of ANG II fragments on the regulation of clitoral CSM tone. There are some reports suggesting roles for the fragments of ANG peptide in the regulation of blood vessel 2 and cardiovascular function. 17, 18 Both ANG III and ANG IV have been known to be functionally important degradation products of ANG II by aminopeptidases. Few reports on the quantitative analysis of pharmacological properties of ANG III are available in the penis and clitoris, 4 -6 however, ANG IV has never been used in the clitoral CSM. Therefore, we investigated effects of these peptides under carefully standardized conditions, and compared them with ANG II.
ANG II is converted to heptapeptide ANG III by an aminopeptidase-A that selectively cleaves aspartyl residue. ANG IV is formed from ANG III by cleavage of the amino terminal arginine residue by aminopeptidase-N and further degraded to ANG II (5 -8) by endopeptidases, such as chymotrypsin. 19 In our experiments, amastatin significantly enhanced ANG III-and ANG IV-induced contractions and those results suggested that aminopeptidases . Data are shown as mean AE s.e.m. NAME enhanced the CR curves to ANG II, ANG III and ANG IV to the left and upward, significantly. *P < 0.05, **P < 0.01, ***P < 0.001 (paired Student's t-test).
Angiotensin peptides in the regulation of clitoral smooth muscle tone JK Park et al may be involved in the metabolism of ANG III and=or ANG IV to modulate the clitoral CSM tone. ANG IV may be involved in the regulation of vascular tone if this peptide is cumulated in large amounts as shown in the conditions of AT1 receptor blocker. 20 ANG IV is also generated directly from ANG II by dipeptidyl aminopeptidase III. 20 Antihypertensive treatment with the AT1 receptor antagonist, losartan results in high plasma ANG II levels and it is expected that higher concentrations of the ANG II degradation products, ANG III and ANG IV will be accompanied. 21 It has been known that ANG II plays an important role in concert with the NO system in the regulation of the clitoral CSM tone. 6 In the present experiment, NAME enhanced ANG III-and ANG IV-induced contractions, and also low concentrations of ANG IIinduced contractions. These results support the hypothesis that peptides of the ANG family are involved in the modulation of clitoral CSM tone for erection.
In the present experiments done in the clitoral CSM, the CR curves for the peptides were parallel to each other and showed that ANG II is the most potent in the rabbit clitoral CSM. ANG III was similar with ANG I. ANG IV was 1181-fold less potent than ANG II. It was shown that ANG IV was 1000 times less potent than ANG II in the rat aorta 8 and 100-fold less potent than ANG I, ANG II and ANG III. 20 ANG III showed only 10 times less potency than ANG II in the cat pulmonary vascular bed. 22 In the rabbit penile CSM ANG III was approximately 10 times less potent than ANG II and was 1.5 times more potent than ANG I. 23 It has also been shown that the contractile responses to ANG II in the rabbit penile 4, 23 and clitoral CSM 5, 6 are related to the activation of AT1 receptor. In this experiment, contractions induced by ANG III, ANG IV and ANG I were also related to the activation of AT1 receptor.
In conclusion, the present study shows that ANG III, ANG IV, ANG II and ANG I elicit significant vasoconstrictor effect in the clitoral CSM of rabbit, and ANG II is the most potent among them. The contractile responses to ANG III, ANG IV, ANG II and ANG I are shown to be via AT1 receptor activation. The rank order of potency of the contraction is as follows, ANG II > ANG I > ANG III > ANG IV. Peptides of the ANG family shows a cross-talk with NO. It is also suggested that aminopeptidases are involved in the ANG III-and ANG IV-induced modulation of the tone of the clitoral CSM. Angiotensin peptides in the regulation of clitoral smooth muscle tone JK Park et al
